INTRODUCTION
Lamiaceae (syn. Labiatae) herb family consists of more than 252 genus and 7000 species (Hedge, 1992) . The genus Thymus L. (Labiatae) consists of about 215 species of herbaceous perennials and subshrubs. This genus is represented in Iranian flora by 14 species, four of which (Thymus carmanicus, Thymus daenensis subsp. daenensis and T. daenensis subsp. lancifolius, Thymus persicus and Thymus trautvetteri) are endemic (Rechinger, 1982) . Thyme species are considered as medicinal plants, due to their pharmacological and biological properties. Thymus daenensis is an endemic species of Iran. The aerial parts and volatile constituents of thyme, a perennial dwarf shrub, are used as a medicinal herb. Infusion and decoction of aerial parts of thyme species are used to produce a tonic, carminative, digestive, antispasmodic, antiinflammatory, antitussive, and expectorant and for the treatment of colds in Iranian traditional medicine (Zargari, 1990; Nickavar et al. 2005) .
Water deficit (commonly known as drought) can be defined as the absence of adequate moisture necessary for a plant to grow normally and complete its life cycle (Zhu, 2002) . Drought stress is serious obstacle for medical plants and field crops in further areas of the world, especially in arid and semiarid regions. Drought stress leads to suppression of plant growth and development at all growth stages, however, depending upon plant species, certain stages such as germination, seedling or flowering stage could be the most critical stages for drought stress. The yield and the quality of the essential oil are considerably affected by drought stress.
Physiological and environmental factors (such as drought stress) as well as processing conditions may play an important role while defining the chemistry and chemical composition of essential oils (Masotti et al., 2003; Angioni et al., 2006) .
In addition to this, an important consequence of drought stress in plants is the excessive generation of reactive oxygen species (ROS), particularly in chloroplast and mitochondria (Mittler, 2002) .
ROSs are molecules like hydrogen peroxide (H 2 O 2 ), ions like the hypochlorite ion, radicals like the hydroxyl radical (OH°) and the superoxide anion (O 2 -). ROSs are a group of very reactive, short-lived chemicals produced during normal metabolism or after an oxidative reaction (Sun, 1990) . ROSs are known to damage cellular membranes by inducing lipid peroxidation (Ramadevi and Prasad, 1998) . They also can damage DNA, proteins, lipids and chlorophylls (Mittova et al., 2000) .
Plants have developed an array of defense strategies (antioxidant system) to cope up with oxidative stress. The antioxidative system includes both enzymatic and nonenzymatic systems. The non enzymatic system includes ascorbic acid (vitamin C); α-tocopherol, cartenes etc., and enzymic system include superoxide dismutase (SOD), catalase (CAT), peroxidase (POX), ascorbate peroxidase (APX), glutathione reductase (GR) and polyphenol oxidase (PPO) etc. The function of this antioxidant system is to scavenge the toxic radicals produced during oxidative stress and thus help the plants to survive through such conditions. (Noctor and Foyer, 1998) . For instance, SOD catalyses the dismutation of superoxide to hydrogen peroxide and oxygen. However, hydrogen peroxide is also toxic to cells and has to be further detoxified by CAT and/or peroxidases to water and oxygen.
In plants, salicylic acid (SA) plays an important role in signaling both local and systemic defense responses. SA has been recognized as a regulatory signal mediating plant response to abiotic stresses such as drought (Munné-Bosch and Peñuelas, 2003) and osmotic stress (Borsani et al., 2001 ).
SA action is tightly related to the generation of various ROS (Kawano and Muto, 2000) . ROS acts as signaling molecules that triggers the cascade of protective reactions in plants (Tarchevskii, 2002) , including activation of antioxidant enzymes. Treatment of wheat seedlings with SA caused a transitory enhancement of O 2 -and H 2 O 2 production by plants and simultaneous increase in the activity of SOD. Consequently, enhancement of the generation of H 2 O 2 in SA treated seedlings is accompanied by the activation of peroxidase (Alscher et al., 2002) . Which acts as a hardening process, increasing the surviving capacity of the plants.
We need the information for understanding the mechanisms of the antistress effects of SA in medicinal plants, which is a prerequisite to justify the use of this natural growth regulator for increasing T. daenensis resistance to drought. Therefore, the purposes of the present research were to assess the effect of different irrigation regimes and foliar application of salicylic acid (SA) on antioxidants enzymes activity in leaves of Thymus daenensis subsp. lancifolius.
MATERIALS AND METHODS
This study was carried out at climatic greenhouse in order to investigate the effect of salicylic acid (SA) and different irrigation regimes on the antioxidants enzymes activity in leaves of thyme. Three levels of irrigation, including control (FC), medium water deficit (70% FC) and sever water deficit (30% FC) and four concentrations of SA (0, 0.1, 1 and 2 mM) were considered as treatments. The experimental design was a factorial experiment, completely randomized in three replicates.
Enzyme extractions
A quantity of 0.1g of fresh foliar tissue from fresh seedlings (uppermost leaves) were harvested, weighed, washed with distilled water and then homogenized with a mortar and pestle with 5 ml chilled sodium phosphate buffer (50 mM, pH 7.8). The homogenates were centrifuged at 15,000 g for 15 min at 4°C. Three replicates per treatment were used. The supernatant was stored at 4°C and used for CAT, APX, GR, POD and PPO assays.
Protein determination
Protein concentration of the various extracts and solutions was determined by the dye binding method of Bradford (1976) , using bovine serum albumin as standard.
Enzyme assays
GR activity was determined by following the rate of GSSG-dependent oxidation of NADPH, through the decrease in the absorbance at 340 nm (Di Baccio et al., 2004) . The assay mixture (1 ml final volume) was composed of 0.4 mM potassium phosphate buffer (pH 7.5), 0.4 mM Na 2 EDTA, 5.0 mM GSSG and 100 μl of crude extract. The reaction was initiated by the addition of 2.0 mM NADPH. Corrections were made for the background absorbance at 340 nm, without NADPH. Activity was expressed as units (μmol of NADPH oxidized per minute) per mg of protein.
POD activity was determined spectrophotometrically, by measuring the oxidation of o-dianisidine (3,3'-dimethoxybenzidine) at 460 nm (Ranieri et al., 2000) . The reaction mixture contained 20 mM phosphate buffer (pH 5.0), 1 mM dianisidine, 3 mM H 2 O 2 and 50 μl of extract. POD specific activity was expressed as units (μmol of dianisidine oxidized per minute) per mg of protein.
APX activity was measured by the methods of Nakano and Asada (1981) . The reaction mixture contained 500 ml of 100 mM K-P buffer (pH 7.0), 100 ml of 5 mM ascorbate, 250 ml of distilled water and 50 ml of enzyme extract. APX activity was measured by ascorbate oxidation at 290 nm in the presence of 100 ml of 1 mM H 2 O 2 . The final reaction volume was adjusted to 1 ml. The unit for APX activity was micromoles of ascorbate oxidized per minute per milligram of protein.
CAT activity was measured by the method of Blume and McClure (1980) . The reaction mixture contained 500 ml of 100 mM K-P buffer (pH 7.8), 200 ml of distilled water, and 200 ml of enzyme extract. The reaction was started by adding 100 ml of 50 mM H 2 O 2 in a final volume of 1 ml and absorbance was measured at 240 nm. The unit for CAT activity was micromoles of hydrogen peroxide oxidized per minute per milligram of protein.
Polyphenol oxidase: the assay mixture (3 ml) of contained 10 mM pirogalol, 25 mM phosphate buffer (pH 6.8) and 200 μl enzyme extract. Enzyme activity determined in 420 nm, its molar extension coefficient is 2.47 l mM -1 cm -1 .
Statistical analysis
The experimental design was a factorial experiment, completely randomized in three replicates. Graphs were drawn using Microsoft Office Excel 2013 software.
RESULTS AND DISCUSSION
As shown in Fig. 1 , generally, in compared with control condition, lower available water levels led to increase in CAT activity. There were no significant difference between low levels of SA (0 and 0.1 mM) in the all irrigation treatments. Increase in SA concentration from 0.1 mM to 2 mM induced greater CAT activity. Under sever condition (30% FC), higher level of SA induced greater CAT activity while there was no significant difference between SA levels (1 and 2 mM) under sever (30 % FC) water deficit condition. The response of PPO activity to SA concentration was different under different levels of available water. As presented in Fig. 2 , while under medium water deficit, PPO activity significantly increased by higher SA concentration, under control and sever water deficit conditions, there was no significant difference between 1 mM and 2 mM concentrations regarding PPO activity.
Increasing water deficit was associated with increase in POD activity (Fig. 3) . At all levels of SA, the lowest POD activity was observed under control condition (Fig. 3) . As shown in Fig. 3 , higher levels of SA induced greater POD activity under sever condition yet under sever water deficit, there was no significant difference between 1 mM and 2 mM concentrations of SA about POD activity.
Under all levels of available water, increase in SA concentration from 0.1 mM to 2 mM induced significant increase in APX activity. Higher concentrations of SA had the maximum effect on APX activity in the medium water deficit condition.
But in the sever water deficit (30% FC) conditions there was no significant difference between 1 and 2 mM concentrations (Fig. 4) .
In compared with other antioxidant enzymes, GR activity exhibited lower response to SA concentration and water available (Fig. 5) . Whereas 1mM concentration of SA induced significant increase in GR activity, increase in SA concentration to two caused no significant change in GR activity, when compared with 1 mM concentration at all levels of available water. Plants treated with 0.1 mM and 2 mM of SA, exhibited no significant change in GR activity by reduction in available water but treated plants with 1 mMSA, exhibited intensified GR activity by reduced available water to 70% FC (Fig. 5) . A secondary effect of osmotic stress is the increase of reactive oxygen species (ROS) (Smirnoff, 1998; Bartels, 2001; Apel and Hirt, 2004) . The alleviation of oxidative damage and increased resistance to environmental stresses is often correlated with an efficient antioxidative system (Shalata et al., 2001; Kranner et al., 2002) .
Overproduction of antioxidant enzymes have been shown to improve oxidative stress tolerance in transgenic plants (Roxas et al., 1997) . To scavenge ROSs, plants either synthesize different antioxidant compounds or activate antioxidant enzymes. Salicylic acid (SA) plays an important role in abiotic stress tolerance, and considerable interests have focused on SA due to its ability to induce a protective effect on plants under stress (Sakhabutdinova et al., 2003; Shakirova et al., 2003) . In current study, generally, SA induced greater antioxidant enzymes activity under water deficit condition. The role of SA as a defense signal has been well established in plants (Ganesan and Thomas, 2001) . SA has qualified as a plant hormone due to its physiological and biological roles in plants (Raskin, 1992) . SA has been suggested as signal transducer or messenger under stress conditions (Klessig and Malamy, 1994) .
CAT is tetrameric heme containing enzyme that is abundant in the glyoxysomes of lipid storing tissues (Fornazier et al., 2004) . The combined action of SOD and CAT converts the toxic O 2 and H 2 O 2 to water and molecular oxygen, averting the cellular damage under unfavorable conditions such as drought stress (Reddy et al., 2000; Chaitanya et al., 2002) . POD plays a key role in decreasing H 2 O 2 content accumulation, eliminating MDA resulting cell peroxidation of membrane lipids and maintaining cell membrane integrity (Jaleel et al., 2008b) . Increased POD activity was reported in drought stressed soybean (Zhang et al., 2006) and chives plants (Egert and Tevini, 2002) . APX is thought to play the most essential role in scavenging ROS and protecting cells in higher plants, algae, euglena and other organisms. APX is involved in scavenging of H 2 O 2 in water-water and ASH-GSH cycles and utilizes ASH as the electron donor (Gill and Tuteja, 2010) . GR is a flavoprotein oxidoreductase, found in both prokaryotes and eukaryotes (RomeroPuertas et al., 2006) . It is a potential enzyme of the ASH-GSH cycle and plays an essential role in defense system against ROS by sustaining the reduced status of GSH. In coordination with obtained data from this study, already convincing data have been obtained about the role of SA in the resistance of wheat seedlings to salinity (Shakirova and Bezrukova, 1997) , and water deficit (Bezrukova et al., 2001) , of maize to low temperature (Janda et al., 1999) , of tomato and bean plants to low and high temperature (Senaratna et al., 2000) . 
CONCLUSIONS

